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I II . 
INTRODUCTION 
The pur•pose of this work was to determine ·whether the 
virus of herpes simp lex possesses plaque-producing properties 
in a monolayer of chick embryonic tissue, and if so, compare 
it with the 11pocktt - production by this virus on the chorio-
allantoic membrane of the developing chick embryo. An 
attempt was als o made to simplify the current techniques 
used i n the ttplaque method 11 tissue culture in order to 
provide an easy and convenient technique for eventual 
quantitative study with herpes simplex virus. 
IV. 
REVIE1:1• OF THE LITERATUP.E 
In recent years, the development and application of 
tissue culture me thod s and techniques to the study of 
animal viruses has greatly facilitated t he investigation 
of t h e characteristics of several of the latter as well 
as substituted other, less accurate or cumbersome, methods. 
As far as the studies of the virus of herpes simplex 
are concerned, the most widely u sed experimental hosts are 
t h e embr-yona ted e gg and the newborn mouse. Detailed re-
ports on the results obtained in quantitative investigations 
of the virus by using the pock counting technique on the 
chorio-allantoic me:r1brane of the developing Een's egg can 
be found in the papers of Burnet and Lush (4) and Shaffer 
and Enders (21). 
The newborn mouse was found by Kilbourne and Horsfall 
{14) to be another effective host for the recovery of herpes 
virus from human sources and its study. 
Until very recently, not much has b een done making use 
1. 
of t h e tissue cultu re methods, in the study of the virus of 
herpes simp l ex . Howe ver, r>eports on the first attempts to 
study the herpes virus-tissue cell system under the artificial 
condi t i ons presented by the tissue culture appeared as early 
as 1925. 
Parker and Nye (17) observed t hat t h e fibroblasts of rabbit 
testis tissue culture,infec~ed by herpes simplex virus , 
showed poor growth i n subcultures and suspected this to be 
due to viral activity. However , they were not entirely 
convinced t hat mu ltiplications of the virus had occurred. 
Later , And1~ewes (2), using rabbit testis tissue cultures 
in Carrel flasks , proved the assumptions of Parker• and Ny e 
to be right, since multip lication of the virus readily 
occurred causing necrosis of the tissue, and intranuc lear 
inclusion bodies were found in the infected cells. 
Cheever (5), using a different method ; namely , the agar 
s lant tissue culture de vi sed by Zinsser and associates , 
succeeded in propagating the herpes virus in chick embryonic 
tissue . 
Further stimulus to the investigation of herpes simplex 
virus along t l'J_ese lines wa s given by the important studies 
of End ers, Yeller and Robbins ( 11), who propagated and 
assay ed poliomyelitis virus in tissue cultures . 
Sine~ then, several workers have studied the virus of 
herpes s implex i n cultures of various embryonic tissues , 
and t heir fi ndings have established this virus as 
"cy topa tho geni c " . Tbu s , Enders ( 12) observed degener•a tion 
caused by herpes virus in cultures of human embryonic cells . 
St ulberg and Schapira ( 22) have made an investigation of the 
cellular cytopathogenicity of this virus for different type s 
O.L chick embryonic tissue under various experimental 
2. 
conditions and noted destru ctive a ction of the virus in 
certa i n fibroblast cultures. 
Si mi lar results are r eported by Bi ckerstai'f (3) who , 
us i ng the roller -tube tissue culture method , ob served 
mar ked cytopathogenic effects of t h e vi r us on fibroblasts 
and epithelial cells derived fr>om amniot i c membranes and 
skin of dove loping chick embryos. 
Although a number of inves tigators has succeeded in 
propagating herpes simplex vi ru s in tissue cultures as we ll 
as demonstrating its destruct i ve ac tion on several kinds of 
embPIJOnic tissue i ri vitro , little ap_p lication of the method 
ha s be en made to quantitative problems such as titrat ion of 
the virus , titrat ion of neutrali zing antibodies , as well as 
to t h e study of growth charact eristics , genetic pi•operties , 
isolation of strains from primary s ources , etc . 
Some quantitative results obtained by the tissue culture 
method have ve1->y lately been made availab l e in the r eport of 
Kj e llen and S ved r..'!IJ r (15) . These workers , employ ing roller-
tube cultuPe s of human embryonic lung , h ave carried out a 
series of experiments concerni ng titration of her p es virus 
and the neutra lizing ant i bodies , production of the vi rus and 
it s isolation . 
The tissue culture techniques used , although afford ing 
a fairly satisfactory means of quantitative i n yest i gation of 
these pl'ob lems , however leave one with reseryations as to 
their conyenienc e and accuracy. 
3. 
There is little doubt that i mprovement of these 
quantitative tis sue cultui'e techniques would greatly help 
to elucidate t h e chai'acteristics and nature of certain 
animal virus es . 
An interesting a pproach to t h e possible development of 
a more a c curate technique was made in 1952 by Du lbecco (7), 
who pointed out t h e advantages of a technique used in t h e 
related field of bacteriophage study , namely , the formation 
of p laques by a single bacteriopha ge p article on a uniform 
layer of bacteria. In an attempt to explore the even tual 
application of tl.1.e for'e-named method to the study of an.imal 
viruses Dulbecco d evised a relatively cumbersome a:..l"1.d exp ensive 
technique by which he succeeded in obtaining plaque formation 
with the \"!estern Equine Encephalmm;eli tis and Newcastle Disease 
viru ses in a monolayer of chicken emb1>yo fibroblasts grown in 
vitro . Su ch a method op ens a new avenue to the study of 
animal viruses in tissue culture along lines similar to 
those used in bacteriophage work , provided that o ther viruses 
·would also exert t h is plaque-forming phenomenon. So far , two 
other viruses h ave been reported as p laque-produc ing; Noye s 
(16) , using a simp lified technique , describes plaque foi'ma-
tion with t h e vil"us of vaccinia on c hicl{ emb:rJOnic tissue. 
Final ly , in a very recent paper , Dulbecco and Voc;t (8} 
reported t h at plaque formation by t h e poliomye litis virus 
has been obtained in monkey tissue. In a detailed study , 
using this new method , h e concludes t ha t it can be 
eff iciently e mp loyed for the assay of poliomyelitis 
virus, for isolation of pure lines . of virus from p laques, 
and for produ ction of high titer v.irus stocks. · At the 
same time these authors ( 9) reported the result s of an 
investigation by the p laque-method on growth character-
istics of ':'!estern :Squine Encephalomyelitis virus in 
monolayer chick embryonic tissue. 
This new tissue culture assay me t hod as developed 
by the above-mentioned investigators seems to afford 
certain advantages over certain others cul"'rently used, 
and stimulates further investigation along these lines 
applied to other groups of viruses. 
It appeared worthwhile to the author of this paper 
to investigate the possibility of the application of t h is 
method to t he study of herpes simplex virus and the work 
described below concerns the production of plaques on 
monolay er cultur'es of mixed chick embryonic tissue by 
the herpes simp lex virus. The expectation of positive 
1.,esu l t s vras encouraged by the marked cytopathogenicity 
of herpes virus observed by other investigators (12, 22, 
3 , 15), as well a s the broad affinity of herpes virus for 
various cell types in the chick embryo described by 
A:.r1.derson (1). 
5. 
M.A.TERIALS AND IviF..: 'l'HODS. 
All glassware used , including pipettes, was cleaned 
r,:v ith 0.5% Ivory soap solution and 25% sulfuric acid 
according to the procedure described by Weller , Enders 
and associates (23). Petri dishes, 50 wn in diameter , 
were used for setting up tissue cultures. These Petri 
dishes were sealed with grade 11 M11 Parafilm. For mincing 
the embryonic tissue a 50-ml syringe, fitted at the bottom 
vd th a 30-mesh stainless steel wire cloth, was employed 
and t he differential sedimentation of the tissue pulp by 
centrifugation was carried out in 40-ml pointed -bot tom 
centrifuge tubes exclusively. 
Egg s that had been incubated at 100 F for 11 days and 
9 day s were used for supply of embryos for tissue cultm' es 
and prepai'ation of chick embryonic extract, resp ectively. 
In the choPio-allantoic membrane titl~ations 12-day 
incub ated eggs were used, inoculated by the usual technique 
(19). 
Balanced Salt Solution. 
---- -- · 
The balanced salt solution i ncorporated in the nutrient 
medium for the tissue cultures was the one devised by 1ianks 
(13). It was made up in twice-distilled water and as 
6. 
indicator 0.4% phenol red added to give a final non-toxic 
concentration of 0.002%. This salt solution was then auto-
clnved at 10 lb s pressure for g: minutes and, shortly before 
use, 0.5 ml of 1.4% sodium bicarbonate (isotonic), sterilized 
by filtration, was added .for each 20 ml o.f t he salt solution, 
and this kept in rubber stoppered flasks during use. 
Saline Solution for Dilution of Virus. 
Serial dilutions of the stock virus were carried out wi th 
buffered saline solution made up by mixing: 67 ml of 0.2 M Na2 
HP04 , 33 ml of 0.2 .M KH2 P04 and 1,900 ml of 0.85% solution of 
1-J aCl and sterilized by autoclaving (20). 
Horse Serum. 
Normal horse serum (supp lied by Antitoxin and Vaccine 
Laboratory of the Massachusetts Department of Pub lic Health 
in Boston) was emp loyed as ingredient of the tissue culture 
nutl'"'ient med ium throughout the experiments. No inactivation 
of hors e serum comp l ement by heat was carried out. 
Chicken Embryo -Ex tract. 
Chicken embryonic extract was prepared from -9-day old, 
decapitated and unwashed embryos by the syringe method o.f 
Earle (10). To the crushed embryo pulp an equal volume of 
Himks 1 balanced salt solution was added and the mixture 
7. 
pipetted repeatedly with a 10 ml pipette. Following 
centrifu gation at 3000 r.p.m. for 20 minutes, the super-
natant 1 :1 extract was removed and stored in rubber 
stoppel"'ed centrifu ge tubes at - 20 C in the electric "deep 
freeze 11 • Before use, containers were removed from storage 
and thawed, centrifu ged at 3000 r.p.m. for 20 minutes and 
only t h e su pernatant liquid was empl~~ed. No use was made 
of chicken embryo extract older than 7 days . 
Chicken P lasma. 
This was sterile fresh whole chicken p lasma liquid 
obtained in 5 ml vials from Difco Laboratories, Detroit, 
Michigan, and used as 11 adhesive 11 for t h e formation of cell 
lay ers in t h e tissue cultures. 
The Nutrient Medium. 
According to Scherer (18) a good medium for maintaining 
the cells in tissue cultures in a physiologically active 
state and thus favoring the growth of inoculated virus is 
one composed of horse serum, chicken embryonic extract, and 
balan ced salt solution. Therefore, the nutrient medium used 
was made up as follows: Hanks' balanced salt solution - 40%, 
horse serum - 40%, and chicken embryonic extract - 20~~. To 
prevent bacterial contamination 50 units of penicillin· and 50 
mic r ograms of streptomycin were added per ml . The pH of this 
medium was 7.6. 
8. 
10. 
This was suspended in skim milk (sterilized by autocla vi ng 
at 10 lbs. pres s ure for 10 minutes and ad justed to pH 7 .0 
with NaOH and HO l) as a 20 ~"& suspension by ·we:i.ght. Following 
cent rifugation at 1800 r.p.~ . for 10 minutes to remove coarse 
particle s , the supernatant was stored in a liquots of 1 ml per 
rubber-stopp ered small test tul:>e at -20 C in the electric ndeep 
freezen. 100 units of penicillin and 50 micrograms of strep -
tomycin pe l" ml were added. This virus stock which had under-
gone 3 tissue culture and subsequently 5 egg passages was 
exclusively used i n all ti ssue culture experiments conducted 
thereafter . 
Proc edure for Pre paring Tissue Cultures. 
Cultures were set up by a technique similar to those 
described by Dulbecco (7) and Noyes ( 16) ,, but includes some 
modifications which were believed to improve the convenience 
of t h e me thod. 
Under sterile conditions , five to six we ll-deve loped 
chick embryos were removed from eggs , de capi tated , washed 
twice in Hanks' balanced salt solution (iffiSS ) and pressed 
into a 40 ml cen trifu ge tube containing 15 ml of HBSS . 
This material was mixed and centrifuged in a standard 
centrifuge (radius 15 em) at 800 r. p . m. for 30 seconds. 
'JJ1e re sulting su p ernatant was discarded , wh ile the tis sue 
pulp at the bottom, resuspended with 15 ml of HBSS , and this 
then vigorously and rapid l y p ipetted 20 to 25 times with a 
10 ml pipette , thus setting free a l arge portion of cells. 
This was centl"'ifuged at 800 r.p.m . for 20 seconds and the 
supernatant transferred to another 40 ml centrifu ge tube 
and allowed to stand for 20 minutes. During this time , 
11. 
whatever larger tissue particles were left in the suspension 
sedimented by gravity in the bottom of the tube and the super-
natant wh ich was removed consisted mainly of a suspension of 
single cells and occasional small cell aggregates. The cell 
concentration in this suspension was then determined by use 
of a hemocytometer. An appropriate amount of this cell 
suspension was added to the nutrient medium so as to g ive a 
final cell concentration of 8 X 106 cells p er ml , the pro-
portion usually being 1:2. The pH of this final susp ension 
was always checked before setting up the cu ltu r es and kept 
at 7.6. An aliquot of 3 ml (containing 24 X 106 cells) was 
introduced into a 50 mm Petri dish which had been previously 
coated at the bottom with a thin plasma coagulum. The P etri 
dishes were tightly sealed with strips of parafilm, thus 
p reventing the pH of the cultures from rislng above p hysiological 
limit s . The cultures were kept in a well-humidified incubator 
at 37 C for 48 hours, thus g iving the cells time to start 
normal and adequate growth before the virus was added. 
P lating of Virus and :8xamination of Virus Infected Cultures • 
.At that time the nutrient med ium wa s carefully removed 
v'li th a cap illary pipette and t h e culture washed 'l:'ri th 3 ml 
of TIBSS . Subsequently 0.1 cc or more of the appropriate 
vir•us dilution wss inoculated evenly over the cell layer 
with a hypodermic syringe, gauge 27 needle , and in addition, 
the Petri dish was repeatedly rocked to insure as uniform 
distribution of the virus as possib le. The virus stock 
used was always checked for bacterial sterility. Fo llowing 
inoculations the cultures were incubated at 37 C for 45 
minutes to allow attachment of the virus to the cells, and 
a thin layer of chicken plasma (Noyes ( 16) was then spread 
over the cell sheet and allowed to solidify. This ensured 
that the initial distribution of the virus on the cells 
would not be disturbed by the later added nutrient fluid. 
As soon as the plasma had hardened , the nutPient medium was 
added in 3-ml amounts per Petri dish. In anotner series of 
experiments the pro cedure was altered by substituting a gar 
for t lle plasma overlay . Agar had been used by Dulbec co in 
his exp eriments (?). The agar was prepared as described 
abo ve, added to the nutrient medium, and this then introduced 
in t he cu 1 tu:.-·es i n amounts of 3.5 ml peP Pe tl'i di. sh and 
allowed to harden at room temperature . Whatever overlay was 
us eo , the Petri dishes were subsequently resealed v:i tn. _ ara-
f ilm, in cuba ted at 3'/ C, and exaw..ined f'or p laques at various 
intervals . Although the plaques could be distinguished 
macroscopi ca-Lly in unstained tissue cultures if' vleweci in 
approprla Le angle to t i1e light, a much b etter• picture was 
obta::me o if' t hey \vere staineu intra vi tally with neutral reo . 
12. 
This was carried out as follows: If plasma had been used 
as 11 ovex•lay 11 in the cultures 1.0 ml of a 1/2,000 solution 
of neutral red in liBSS was added to the nutrient fluid in 
each dish , or if there was an agar overlay, 5 ml of a 
1/10,000 neutral red solution were introduced in cultures. 
The latter were then subjected to further incubation for 4 
h our s , the nutrient fluid or agar overlay discarded , and 
the cell layer ex~mined for plaques. It should be mentioned 
that in experiments where the agar ovel~lay was employed, the 
agar, althou gh being sufficiently hard to "fix in place 11 the 
inoculated virus, howe,rer, was at the same time of such con-
sistency (0.75%) as to permit it's elimination froM the 
dishes , at the time of examination, mJ simply tilt ing the 
dish at a sharp ang le, vrhereby the agar lay e1~ smoothly slipped 
out of the dish without damaging the cell layer. 
13. 
EXPERD!illNT!~L RESULTS. 
Soon after incubation the cells started to settle out 
on t he bottom of the Petri dishes, adhering to t he p lasma, 
and formed a cont inuous monolayer of cells covering the 
entire bottom of the dish. They also b egan to grow and 
/ 
showed goq'd metabolic activity as indicated by the pro-
1 
duction of acid metabolites, perceived by colorimetric 
determinations of the pH of the culture medium. After 
48-hour incubation, at which time the virus was introduced, 
the pH of the culture nutrient medium h ad dropped to 7.0 -
?.2 and a rather uniform layer of cells h ad formed which , 
as microscopical examination reveal ed , .consisted for the 
mos t part of sp indle-shaped cells (fibroblasts) growing in 
radiating parallel rows. Other cell types were also present 
but comprised only a sma ll minority , being ou tnumbered by 
the excellent growth of fibroblasts . 
No satisfactory results were attained in an attemp t to 
obtain a good cell layer without use of the p lasma under-
coating.. The cells did not settle down on the bare glass 
as well and, consequently, the uniformity of the cell layer 
was not as desired. The cells al s o showed a tendency to 
detach themse lves from the glass following prolonged 
incubation. 
The cytopathogenic effect of the Z strain of herpes 
simp lex virus was reflected by t he appearance i n the cell 
layer of plaques which could be already detected 48 hours 
14. 
after the introduction of virus. P laque production was 
obtained in all experiments carried out with this strain 
of the virus. The diameter of the plaques varied between 
1 and 2 mm on the thi1~d day , and they could be easily 
perceived appearing as round or slight l y elongated color-
less ro,eas in t h e redly stained background of living cells. 
The destructive activity of t he virus was recognizable 
in the micros copical examination of the plaques -in stained 
preparations, since they consisted of disintegrated cells 
in the form of a mass of cellular detritus. These colorless 
ar'eas were sharp ly mark ed off by perfectly healthy and redly 
stained fibroblasts. If the cultu re s were examined early 
after addition of the virus, the gradual disintegration of 
the cells was obviou s due to the fact that small foci of 
g1,anular, swollen and irregularly shaped cells could be 
detected . 
Another manifestation of this cytopathogen:l.c effect of 
the virus consisted in a gradual decrease in t he production 
of acid metabolites by the infected tissue compared with that 
of uninoculated ccontrol cultures. The pH of the nutrient 
medium of the infected cultU1,es (e special ly w:Uth lm'ler virus 
di lu t ions) usually was considerab ly hi eher than in uninfected 
control cult m•es as detel'"'mined by means of the incorporated 
indicator. 
In a series of experiments using the Z strain of herpes 
simplex mentioned above, plaques were con stantly obtained in 
cultu r es inoculated with the virus. Since the number of 
15. 
plaques formed was prop ortional to the concentration of 
t h e virus inoculum and in the control cultures containing 
no virus OI' vi rus inactivated by heat , no plaques were 
produced, the entire cell sheet consist ing of healthy , living 
cells, it was concluded that these plaques were due to the 
cytop athogenic activity of the virus . 
The relat ion between the number of plaques produced and 
the concentration of the virus inoculum is illu strated by the 
exp erimental results given in Table I. The plaque-producing 
endpoint of the 10-fold virus dilutions was at 10-4. This 
closely a grees with the results of Bick erstaff (3), who 
observed marked cytopathogenic effect of the same herpes 
strain on chi clk embryonic tissue in roller-tube tissue 
cultures with dilutions up to 10-3. 
In cultures with undiluted virus the entire cell 
population was destroyed and no living cells could be found, 
while in cultures with 10-1 virus dilution some living cell 
foci were present. In the hieher dilutions (lo-2 - 10-4) 
discrete and separated p laques were always obtained. These 
effects are illus t rated in Fig. 1 and 2. It was found that 
in order to ob tain discrete p laques the presence of a chick en 
plasma or agar overlay was necessary , since if not used, the 
app earance of the p laques was very cliffuse , uncertain, and 
unsuitable for titration purposes . The number of plaques 
produced under the conditions of an agar or p la sma overlay 
showed no essen tial differences , and same endpoints were 
16. 
obtained in b oth cases. 
Experiments vJ ere also carried ou t by inoculating the 
chorioallan toic membranes of developing chick embryos with 
t h e same virus,and the number of t yp ical lesions or pox 
counted after 3-day incubations in order to compal"'e it with 
the number of plaques fo1•med in tissue culture. In each 
experiment 3 egg s were inoculated with a given virus con-
centration and the me an number of pox produced by each virus 
dilution was taken . Three such exp eriments were carried out 
and t he averages of pox p roduced in t he se exp eriments are 
recorded in Table 2. In the chick embryo the endp oint was 
at 10-5 compared to 10-4 in the tissue culture, and the 
titer in the latter approximately H~'-fold lower with this 
p articular h erp es simp lex s p ecimen. However, there was a 
good corr·elation between the number of plaques and pox 
p ro duced at respective virus diQutions. 
17. 
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DISCUSSION. 
The results of these experiments indicated that the 
recently d eveloped p laque-prod u ction tissue culture methods 
may be applied to t h e assay of herpes simplex virus. laques 
were consistent ly produced with this virus and the following 
facts su pport the conclusion that they were due to virus 
act ivi ty: (a) No plaques were formed in cultures where 
the virus was absent or inactivitated by heat, (b) the 
n umber of plaques increased i n proportion to the conc en-
tration of the virus inoculum, and (c) there is a correla-
tion between the number of p laques formed in Petri d ish 
tissue cultures and the number of p ox produced on the chorio -
allantoic membrane of the developing chick embryo. 
Vlb.ether this method could b e accepted for us e i n quanti ta-
tive i n vesti gations of t h e virus of herpes simp lex remains to 
be determined by more detailed work and simul t aneous comparison 
with results in other common hosts. If satisfacto1~ , it would 
seem to offer some advantages over certain other methods . F or 
i nstance, t h e ch orioallan toic membran e method for virus assay 
is subject to inaccuracies such as: inadequate dispersion 
of the virus p articles in the men struum resu lting in widely 
differing numbers of foci of infection d evelop i ng on the 
several membranes inoculated with a given viru s dilution, 
or failing to develop foci at all . On the contrary , the 
p laque me t h od offe rs a means of an easy and more uniform 
distribution of the virus particles and it is also possible 
that such a monolayer culture provides a better opportunity 
for contact between virus and the suscept ible cells. This 
would be of pr i me importance in instances when only few virus 
particles are present. Furthermore, non-specific lesions 
often develop on the CA membrane and personal interpretations 
in the definition of lesions likewi se may introduce a bias. 
To say the least, the economical and time-consuming aspects 
are in favor of the plaque method . 
It also appears that this method has some advantages 
over the connnonly used roller-tube tissue culture technique 
in t he study of herpes simplex virus. Although suitable for 
propagation and isolation of the virus, the detailed micro-
scopical examination of the lesions is hampered and even 
impossible due to the curvatures and thickness of the glass , 
while in titrations the criterion - 11 de grees of cell 
degeneration 11 seem t o present a handieap due to inevitable 
differences in personal interpretation of the latter. 
The technique employed throughout the experiments 
described in this paper includes some modifications of the 
ones devised by Dulbecco (7) and Noyes (16), which simplify 
and economize the procedur e and make it easily adaptable 
for use in any bacteriological laboratory. The nutrient 
fluid-agar mixture devised and used to cover the infected 
cell layer could be easily eliminated and thus the 
microscopical examination of the s tained preparations 
with high-power obje ctives made possible without obstacles, 
while on t h e contrary, if p lasma was used, the plasma clot 
tended to confuse t he picture , not to mention the expensive-
ness of this material. 
20. 
SUMMARY · 
1. The Z strain of herpes simp lex virus was found to 
cause degeneration of chi cken embryo fibr oblasts 
cultivated as a monolayer of cells i n Petri dishes. 
This effect manifested it se lf in the formation of 
discrete necrotic areas called 11 plaques 11 , the number 
of whi ch varied in proportion to the concentration 
of the virus added. 
2. A limited comparat i ve s tudy with the developing chick 
embryo was made which indicated t hat the numb er of 
typical virus induced lesions on the chorioallantoi c 
membranes correlated with the number of lesions 
(plaques) produced in the monolay er tissue culture. 
3. The tecl:'.illiqu e adopted was modified to some extent 
whereby the procedure was simplified and made l es s 
expensive. 
21. 
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TKt3LE I. Number of P laques formed by the vi1,us of herpes 
s i n1p le.:x in relation to its c on cen tration and 
size of inoculum. S ize of inoculum was 0.1 ml 
except ·where noted . 
No. of Virus dilution 
. .., 
~xp. Und iluted 10-1 10-2 10-3 10- 4 10-5 
·--- -·----
semi-
1 confluent conf luent 83 7 1 None 
2 tl " 114 9 1 
It 
3 11 11 45 3 II 
4 11 t1 58 7 ( 0 . 2) 1(0.2) 11 (0.2 
5 1l 11 135(0.2) 16(0.4) 3(0.4) II {0.4) 
-=-=== 
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'11 -J3LE II • . verage Number of pox produ ced on the CA 
membrane of the chick embr-<.JO in 3 expel1 iments 
bJ the same virus at different di l utions . 
Virus dilution 
Und ilL:ted 10-1 10- 2 10-3 10-4 10-5 10-6 
Confluent confluent semi-
confluent 71 9 2 None 
==========================----
F I GURE 1. * Photographic Record of Petri dish tissue 
cultures with plaques produced by herpes 
simplex virus at dilutions (left to right): 
10-1, 10~2, and 10-3. P lasma overlay . 
24. 
£I'IGURE 2. * S ame , but having had a gar in nutrient medium 
instead of plasma overlay. 
* These photographs were taken or cultures that nad 
been kept in 11 deep Ireeze 11 ror several days and 
then thawed, wt1icn affected their appearance to 
some extent. 
25. 
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Studies on the virus of herp es simplex have been done 
in t he past by using t he embryonated egg and the newborn 
mouse. Onl y comparatively recen tly has attention been 
dire cted to the use of the tissue culture method for this 
purpose. Howe ver, relatively little has been accomplished 
up to the present time by this method in the quantitative 
stud ies of this virus. This can probably be attributed, for 
the mos t part , to the lack of adequat e and accurate tissue 
culture techniques. 
An interesting approach to the development of a more 
accurate tissue cult ul'"'e technique was made by Dulbecco in 
1952, \'Tho devised a new tis su e culture technique by whi ch 
he succeeded in obtaining focal necrotic areas (p laques) 
28. 
in chick embryo monolayer tissue cultures by the viruses of 
1estern equine encephalomyelitis and Newcastle Disease . Thus 
the possibility arose for the study of certain animal viruses 
along lines similar to the ones used in the related field of 
bacterial viruses. Using this new tech:.n.ique, Du lbecco and 
Vogt have rec ent l y proved that, indeed, it can be successfully 
used for as saying polio~Jelitis virus. 
The purpose of t h is work was to investigate the possibi lity 
of applyine; this 11 plaqu e-production 11 method to the assay of 
herpe s simp lex virus and to simultaneously compare its plaque 
producing capacity in tissue culture with that on the chorio-
allantoic membrane of the develop ing chick embryo . The 
currently emp loyed techniques were modified for the sake of 
simp licity and convenience. 
29. 
The tissue cultures were set up as follows, in principle 
following the techniques devised by Dulbecco and Noyes : 
Five to six 11-day-old chick embryos were "~Nashed in 
Hanks ' balanced salt solution (:HBSS) and pressed through a 
30-mesh wire screen into 15 ml of HBSS by means of a 50-ml 
syringe, and this material centrifuged at 800 r.p.m. for 30 
seconds. The sediment \'J'as resuspended with 15 ml of BBSS and 
after vigorous pipetting centrifu ged at 800 r.p.m. for 20 
seconds . The supernatant was removed and allowed to stano 
for 20 minutes . The sediment of this was discarded and the 
cell concentration of the suspension determined in a hemocy to-
meter . An appropriate amount of this cell susp ension was added 
to the nutrient medium, which consisted of 40~f HBS.S (with in-
dicator) , 40% unheated horse serum and 20% chick embryo 
extract in order to give a final concentration of 8 x 106 
cells per ml, the pH of the suspension being 7 .6. 3 ml of 
this were then introduced into each 50-mm Petri dish, coated 
with chicken p lasma, and the dishes sealed with Parafilm. The 
cultures were incubated at 37 C for 48 hours and at that time 
the nutrien t medium removed, the cultures washed with HBSS, 
and 0.1 ml or more of the virus inoculated with a hypodermic 
syringe, gauge 27 needle,and well distributed all over the 
cell layer. The virus used was the Z strain of herpes simp lex 
·which had undergone 3 tissue cultui•e and subsequently 5 egg 
passages since isolation from prima~J sources. 
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Followi ng inoculation the cultures were incubated at 37 C 
for 45 minutes and then covered with a thin layer of p lasma, 
or agar incorpor ated in t he nutrient medi um (baiTing a final 
concentration of 0 .75%). If p lasma overlay was used, . 3 ml 
of nutrient medium were added per culture. '11he etri dishes 
were sealed then and incubated at 37 C. At t he time of exam-
ination of the cultures they were stained wi t h neutral red in 
order to facilitate the visualization of the plaques, the 
nutrient f l uid or agar over> lay removed , and the plaqL1e s 
counted and examined mi croscopically. 
The ob servations and results were a s follows: 
Soon after incub ation the cells settled out and began to 
grow, fo rming a continuous monolayer of cells covering the 
ent ire bottom of the Petri dish . They also exhibited good 
metabolic activity . At 48 hours the pH of the nutrient 
medium was down to 7.0-7 .2 and a tmiform cell layer had 
formed consisting mainly of healthy fibroblast-type cells. 
No satisfactory cell lay er could b e obtained without use of 
t h e p lasma undercoating. Following inoculation of the virus, 
p laques could be already detected i n the cell layer after a 
48 - hour incubation period in all t h e experiments carried out. 
Th~ appear ed as round to slightly elongated , colorless, 
necrotic areas standing out in the red backgr ound of stained 
living cells, and had a diameter of 1-2 rnm on the third day . 
Microscopically they appe ared as b ounded ai'eas of cellu lar 
debris and if examined eaPlier the gr•adual disinte gra tion of 
t he cel~s was apparent. No plaques were produ ced in control 
cultures without virus or virus inacti vated by heat an d their 
number increased with the concentration of the virus. The 
endpoint for p laque p roduction of the 10-fold dilutions of 
this viru s was at 10-4 • In cultures with undiluted virus 
all the cells were completely destroyed, while with 10-l 
inoculum, semi -conflu ent p laques were produced. At dilutions 
of 10-2 , l0-3, and 10-4 d iscrete and separated p laqu e s were 
formed . The discreteness of the plaques was dep endent on the 
presence of plasma or agar overlay. Either one could be 
efficiently used and there was no d ifference between t h em in 
re gard to plaque fol''mation. A comparative study with the 
develop i ng chi ck embry o, inoculated on t h e 11th day on the C A 
membrane , showed that the number of foci produced on the me mbrane 
correlates with the number of foci produced on the cell l ayer in 
tissue culture althou gh the titer was approximate ly 10-fold lower 
in vitro wi th t his p articular herpes simplex s p ecimen. 
The results of these experiments have shovm that the Z 
strain of herp e s simplex virus produ ces p laques in monolayer 
chick embryonic tissue cultures and this assump tion was based 
on t he facts that - (1) No p laques were formed in cultures 
where the virus was absent or inactivated by heat, (2) the 
number of plaques increas e d in p rop ortion to the concentration 
of t he virus inoculum, and ( 3) t h ere is a correlation between 
the number of p laques formed in tissue cultu r e and nunm er of 
p ox pr odu ced on the CA membrane of t he developing c hick embryo. 
The technique employed t hrou ghout the experiments 
describ ed in this paper includes some modifications of the 
ones already pl'acticed, vrhich simplify and economize , 
the procedure and mak es it easily adap table for use in any 
bacteriologica l laboratory. 
Further more detailed work is needed to evaluate the 
aspects and adequacy of this method for quantitative study 
of the virus of herpes simplex. If satisfactory , it v: ould 
seem to offer some advantages over ce r tain others currently 
used. 
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